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PREDICTION AND SYNTHESIS EFFORTS AT LOS AU.MOS

J. R, Stine and M. D. Coburn

Los Alamos National Laboratory

One importarrc aspecc of an organic synthesis effort related to the

development of new explosives, is the ability to estimate the properties of

proposed molecules. Accurate predictions of the properties of these

molecules can help target those molecules that might prove better than

existing explosives. Novel explosives are being proposed, at LOS AlaIrIOS and

elsewhere, that are qualitatively dlCferent in their molecular Iiiake(lptl)an

most of the existing conventional ones. These explosives include, hi~hl>

strained cage molecules, heterocycl[c molecules, low hydrogen- conti~!iling

molecules, and high rritrogerr-~.ontaining molecules

In most cases, the detonation velncirv and c

for the proposed explosive using anv n(unber of ex

These include the BKW code
1,2

, the

Kamlet and Jacnbs/*, ,tnd of Rnthsre

solve the hydrodvnnmit- -thermc)dvnam

J press(lre are estimated

sring predictive methods.

“~I(;ER(-ode], (he ~~mplrical methods of

‘)mb
n and l’~tersell Tl\e first two methods

c Pqllar:

for tl-.eeqllntinns-of’-~t~ rPJ nt’ th~ prorillrt~

.alr.bough these two codes {Ire slm[lnr illpr

different results. For I~wnmpl@, tile TI(;ER



Jacobs is a parametric fit co dat~ produced by the RUBY code’ - a precursor

to the TIGER code. The last method f!.ts experimental detonation veloci~v

data with parameters related to the structure of the molecule. The organic

chemist then decides, based on these results, if the proposed

should be made.

Recently some new organic explosives were

that were somewhat different from the majority

presently exist, The above predictive methods

synthesized at

compound

Los Alamos8

of the explosives that

were used to estimate the

detonation velocity and C.J pressure of these new compounds, and it was

found that the predicted values differed significantly from the preliminary

meast~red performance data. These results led to a re-examination of these

methods and their reliability for guiding a synthetic organic effort. It

appears thtlt, hec.luse all nf’ :Ilese methods concain adjustable parameters in

their actual implementation, th.lr rhere is just too little experimental

performance data (on pure explosi’~es) on whicn to judge the merits of tl)ese

methods for compounds that are qualitarivelv c!lfferenc from chose on which

the method was pnrameterlzecl. The rest of this paper will be concerned with

aiternate wavs of viewing deronntion ~~elncirie:; and n new method for

estimating the detonation ‘~t~locicvof ● proposed compo(lnd. The mnin

advantage of this new method 11(.s in its simpli(:itv as it allows one rn

determine the most import.lnt aspel.ts f)t’;lpropose(l molec~lle r.hnr co[~!r

ro lrs performance

Although vnrtous })~rfol”milr]~~ 1.flil~c3Ctel_iS! [CS are [rnport.anr ill(1{1(:

If a particular (-ompnund w[lI prove IIseful for a pnrriculnr appllcnrlOrl, we

will be Con(:erned here with orllv [he detonation” velocity. The (Ietonn[1o11

velocity is the most accur;ltclv ~ind directly measured quant[tv re]are(! r[l



performance and, indeed, other performance characteristics like C-

J pressure, are dependent on the detonation velocity,

Our first objectitre is to examine the available detonation veloci:i:

data on pure explosives in a wav chat allows one to perhaps idencitv ur!li’r

molecules that have high detonation vslociries. We will deal here onlv with

carbon- , hydrogen-, nitrogen-, and oxvgen-containing explosives.

We will assume that the detonaclon \’eloc:

function of its atomic composition (Ca}\N(:Od)

density (p), For example, RDX (CIH(,N606) and

ty of an explosive is J

heat of formation (tdi~). ●nd

H~ (C4H8N80B) are observed to

have the same detonation ~-elocicv if Ii.?lli1s pressed to the same densirv as

Rl)k. These two explosives have the same proportions of carbon, hvrlrogell,

nitrogen, and oxvgen and also hal’e ~bou. the same re!ati~re heat of’ format

(14,7 kcal/mole for RDX and 17.’I kcal!mole for }!/00. Thus it would seem

that one co’lld “normalize” !he molec~llar formula s~lrh rhar ;l+b+c+d=l “~!l

on

s

ox\’gPl\: ( .’?,’2 ‘), ] :,

C.11-hol”l: I . .!,’:),.’(,‘m’,, .1, /,

Ilv(lrogen: { ,’:/’14..*J(,;’1,, I,’:4

; .,,

Ily,



This is a tetrahedron cencerefl at the origin and where the four dist~rlccs

from any interior point to each of the four slc!es sum to unity. The

following formulas can he IIsed co locare any organic compound in this

tetrahedron:

x- ;~(3D - 1 + c).:* Eq. !

v- ~I%(A - B) 4

z- C - 1,’G

where A-a/n, B-b/n, c-c/n, D-d,n, JII~ n-a+b*t-trl

One concept of Interrsl i~,explosi’?es is th,at of oxygen balance “:”!]is

is related to the :lmount t)f t~xm;~enneo[ied ro burn ,111 (~f [he carhc)n ;ln~i

hvdrogeu to their most s?:Ihle pro(!uccs [’suallv :hese produces Are taken to

he carbon dioxide And writer. ,lnd wil 1 he the ones selected here T}]ese two

prnduccs along with nitrogen y,,ls:hen (io!inr ‘~,ree poinrs III the te[r.ihe(l*OIl

space , which in ru.-n t!~.flnv,1[}“’ox,:~Pll t).llilll(”e”\J!ill:r It vould serrn

d - !n -I)/’?
f)~ - .—

M“-”
.

,,.,1!



Figure 1 shows a stereo diagram of this cerrahedron, the positions of

some common pure explosives and rhe oxvgen-balance plane. This diagr;lm

points 01.lErhac zhere iire large regions of composition space that are ,!..’:oid

of anv existing explosives, and that rhere are regions (large nitrogen

contenc, for example) chat mav prove to contain higher performing molecules

than tL%Y. It is interesting co note chat most of these explosives are

cluscered around TNT and rhe others are all relatively close to the oxygen

balance plane.

We now examine a method originally proposed bv Urizar
10

at Los Alamos

during the late 19G0’s for predicting the detonation velocity for mixtures.

Here we will attempt to modify this method to make it applicable to pure

explosives i,nd }lence so ir ran he used ,,s a predictive method. The basic

idea is to tissume chat the performance (detonation velocity here) of a

mixc~lre of known well-cl~ar,~cr(~rized explosi~”es with ~ particular atomic

(:ctmpOslciOn, llO?ilt of formation. ,tr~cider~sit’~ is [Ile s:lme as that of a pure

compound i)a~~ingr!le same atom[~: cumpi~sit ion, l]eat of formation, and (lensirv



acomlc composicfon (a, b, c, Jnci ci~ ●nd heat .]f formation of the desirsd new

explosive. Once che moles of each component are calculated it is an easy

matter to use Urizar’s me:!lod to rs:i:rk+:e :!IQ detanatio:l “:elocir.; (): :!tis

Ml%ture ialOIIg With SOITe ‘.’riiLiS?0 ~Z=:li:l:!,e desired densi:v nf :he Hew

explosive) .

As an example, we ha’.v chosen :he :i.:e known explosi”:es, B??;EL’,?2X,

TNETB, ABH, and ExplD as a “!)asis ser” of xell- (:karac:erized explosi..”es “wirh

measured detonation velocl:!es and cli”nsitirs. To rest :his method we c,~n

select any other ‘known explosl‘-.’ewi:h an observed de:onacion velocitv Jr.t-i

density. and use the describvt! XV:!IO(! ~Ll cal~-u:d:e its fie:..nation ..’e:cIL.i:”:

The results are gi’:en i:~T.h!)le1-.’

Viewed in another wav. :!le abo’:e me?hwi ‘:it:ldsa form for :he predi~-:cd

deconacfon veloci:.;, D. of’

D- DO + ~] (ma +,11) ●TC- ●$ d * h ;.i!t ?i Eq. :a

where P Is rhe densicv, ,?lis :he l~(l!erul,,rweight aI?d Y.Hf is the heat of

formation of rhe prnposed c-nmpl)l:n(! illld P,, !s :Eie :riinsmissicn velori:=: of

the vnids. We cnn nou fl:. !n .I :t, il.%? - S~$I.ll_@.S SFrlsc= , nhser~:ed detonation

velocltl~s using :!1? *ix pnrnm(”tf~rs tI ;i, 7, !. }1. (IIICiD,). TIIe resul:s.

using che darn from Table 111 ,Irv.

a --13,135, ;J-. Jidb v- 1 ‘ ‘.,

h -68.11, Do- l.~’~. 1; - !];]’~]-



This formula points ouc that both hydrogen and nitrogen (relaci’.v :0

carbon) contribute co an explnsi-:e having a high detonation ~relocitv. and ir

fact, carbon con:ribuces :legaciq:ely to is negative) ro rhe decona~ion

velocity. This result is consistent with HYX being one of the best

performing explosives and a:so one of :he few :har has signif~canrls: zore

hydrogen and nitrogen than car~ofl. Howeverm i: is also known :hat E.-:(!rn?tn

resulzs in compoumis xizh :nw der.si:v lni:rogen on c!-ieother hard XS!+.I;l-:

results in dense compounds I and her.ce zrac!e-offs wili ha-:e zo be made

becweell composition. heat of formation. and density in pr~posing neti

molecules :har wi!l ol~:-perform our bes: exlscing expiosiq~es
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Table I. Detonation Products Predicted for HMX

Product

H20

H,

C02

CG

NH,

. ..4,
1.

t{COOH

Solid C

BK’d

(moles)

4.000

0.000

1.996

0.008

0.000

:4,PI)(I

. . . . .

1.996

TIG”IR

(moles)

2.385

0.005

1.382

0.038

0.135

3.9;3

1.406

1.175



Table II. Some common explosives and their for,,wlas

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

13

19

~~

21

22

23

Acronym

A13H

BTF

BTNEU

DATB

DINA

DIPAM

ExPID

HNAB

kj:{~

NG

NONA

NQ

ONT

PETN

Pfcric

RDX

TACOT

TATll

Tetryl

TNA

TNETB

TNT

c

24

6

5

6

4

12

6

4

12

14

3

18

1

18

5

6

3

12

6

7

6

6

7

H

6

0

6

5

8

6

6

8

4

6

5

5

4

6

8

3

6

4

6

5

[,

6

5

N o

14 24

66

8 13

56

48

8 12

4 “7

88

8 12

6 12

39

9 18

42

8 16

4 12

37

66

88

66

58

L6

6 14

36

Chemical Name

Azo bis(hexanitro) biphenyl

Ber~zotrifuroxan

bis(trinitroethyl) urea

Diamino-trinitrobenzene

Diethanolnitramine dinitrate

Dipicramide

Ammoni:un picrate

CYC1O tetramethylene tetranltramine

Bis(trir,itrophenyl) diazine

Hexanitro stilbene

Nitroglycerine

Nonanitroterphenyl

Nitroguanidine

Octanitroterphenyl

Pentaerythritol tetranitrate

Trinitrophenol

Cyclo trimethylene trinitramine

Tetrani.trobenzotriazolobenzotriazol.v

Triamino Trinltrobcnzene

N-methyl-N, 2,4,6 -tetranitronnllLne

TrinitronnilLne

Trinitroethyltrinitro bur.yrate

Trjni.troLoluene



Table 111. Detonation Velocities of the Compounds Listed in

Table II.

Acronym

ABH

BTF

BTNEU

DATB

DINA

DIPAM

ExplD

HI-IX

HNAB

HNS

NG

NONA

NQ

ONT

PETN

Picric

RDX

TACOT

TATB

Tetryl

TIJA

TNETP

TNT

‘TMD

g\cm3

1.780

1..901

1.861

1.837

1.670

1,790

1.717

1.905

1.799

1.740

1.596

1.780

1.775

1.800

1,780

1,760

L,806

1.850

1.938

1.?3(’

1.760

1.783

L,65L

Allf

kcal/mole

Li6,3

144.5

-72.9

-23.6

-75.4

-6,8

-94,0

17.9

67.9

18.7

-88,6

27 4

-22.1

Iy]

-128.7

-51,3

lL, /

110.5

-36.H

14,7

-29,9

-118.5

-1(1.()

P

g;cm3

1.78

1.86

1.86

1,79

1,60

1.76

1.55

1,89

L,60

1,70

1,600

!..78

1.550

1.800

1.760

1710

L,t?o

1.850

1.11$1o

1,?10

1,72

1.?8

I,()()9

D

km\s

7.600

8.490

9.01

i.52C

7.720

7.400

6.850

9, 116

7.311

7.000

7.700

7.560

7,650

7.330

8.260

7.260

8. IO()

/.250

J , /60

I .850

7.300

~/,fio

6, ’108



Table IV. Comparison of Obsemed and Calculated Detonation ilelo-

cltie9

Acronym

ABH

BTF

BTN EU

DATB

DINA

DIPAH

ExplD

HNAB

H?JS

NC

NONA

N~

ONT

PETN

Picric

RDX

TACOT

TATB

Tetryl

TNA

TNETR

TfuT

D

km/s

7.600

8.490

9,01

7.520

7,720

7.400

6,850

9.11

7.311

7.000

7,700

7.560

7.650

7.330

8.260

1,260

R ?Oi]

7.?50

7,?60

7,850

7,300

8,/,(,()

(1‘)on

~:alc

km/s

(7,60)

8.3&

(9.01)

7.74

7,71

7,54

(6.85)

9.18

7.05

7.02

....

1.50

?,06

?.38

8,38

7,33

(h./O)

1.55

8.13

?.58

1.J6

(8,66)

f),l”!

D:alc

lurl/s

7.63

8.51

8.95

7.51

7.83

7.46

6,86

9.03

7.29

7,0h

....

?,69

7.78

7.29

8,3B

? 10

U.1(-l

1.”J8

1.10

),62

?,i?r>

8,1,8

6.11



FIGURE CAPTIONS

Figure 1. Stereo plot in the Eetrahedl’on space of the explosives

listed in Table 11, Figure lb is an expanded view of

Figure la.

Figure 2. Comparison of che experlmencal and calculated detonation

velocities for the explosives listed in Table II. The

calculated values were obtained ~sing Eq. G.
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